Auditory brainstem responses (ABRs), middle-latency responses (MLRs), and slow cortical potentials (SCPs) have been recorded in patients with partial epilepsy previously untreated by anticonvulsants. Peak latencies, interpeak intervals, and amplitudes were estimated and the mean group values were compared with the respective data in age-and gender-matched healthy individuals. Neither ABRs nor MLRs in the patients differed significantly from those in the control group. Conversely, the SCP characteristics demonstrated regular differences: the P2 peak latency in the patients was prolonged and both the PlNt and NI P2 amplitudes were increased. Considering the mechanisms of the ABR and MLR, it has been suggested that the specific structures of central auditory pathway up to the primary cortex do not play any essential role in the pathogenesis of partial epilepsy. Furthermore, it is speculated that the SCP-generating cortical areas, being primarily of non-specific qualities, are intimately involved in the mechanisms of epilepsy.
INTRODUCTION
An assessment of sensory-evoked potentials of different latencies in patients with neurological disorders in general, and with epilepsy in particular, can offer valuable information on various brain levels. The results may also provide an insight into the mechanisms of epilepsy as well as of the evoked potentials investigated. Despite plausible benefits, the topic could scarcely be considered to have been studied reliably. More research has been carried out using visual-and somatosensory-evoked potentials'*2. However, data concerning auditory responses are limited.
Most of the papers regarding auditory-evoked potentials in epileptic patients deal with the auditory brainstem response (ABR). According to Karlov3, peak latencies of ABR waves IV and V are prolonged in patients both with generalized and partial epilepsy. Rodin et ~1~7~ reported peak-latency and interpeak-interval prolongation as well as amplitude reduction. The changes were ascribed to concomitant brain lesions or to the effects of anticonvulsants rather than to epilepsy itself. Mony et af6 observed I-V interpeak interval prolongation in one-third of children 1059-131 l/97/060449 + 06 $12.0010 with partial epilepsy. Phillips et al7 detected III-V interpeak-interval increase in a few epilepsy cases only. In parallel studies the same authors8 noted III-V interpeak-interval lengthening in primarily generalized vs. complex partial seizures. In contrast, DabiCJeftiC et al9 revealed peak-latency shortening of all ABR components in epilepsy, amplitudes being declared as remaining unaltered.
Only two reports concern the middle-latency response (MLR) in epilepsy. In one report", amplitude increase and peak-latency shortening were described and the other" discusses similar amplitude increase but peak-latency prolongation.
Little data exist regarding the slow cortical potential (SCP). Increased amplitudes and shortened peak latencies were found by Polujanova et al l2 at initial stages of temporal-lobe epilepsy with focal abnormalities of electroencephalogram (EEG). In contrast, in patients with generalized paroxysmal EEG patterns (proving involvement of multiple brain areas) diminished SCP amplitudes have been stated. The latter observation was confirmed by Femandez and Harmony13.
The present study has been aimed at systematic in-@ 1997 British Epilepsy Association vestigation of ABRs, MLRs, and SCPs in patients with partial epilepsy. As has been demonstrated previously'4* 15, anticonvulsants regularly alter the referred potentials. Therefore, to isolate the effects of epilepsy itself, in the current investigations it was decided that only drug-naive patients would be examined. It should be noted that some of the papers cited do not indicate whether patients that were examined had been treated with anticonvulsants or not'.', 12. In other investigations, however, patients had received anticonvulsants prior toI or at the time of examination"*s* ". In contrast with earlier attempts, in the present investigation the auditory-evoked potentials of all three types were evaluated in the same patients, over the same time period, and under the same experimental design. Such an approach was hoped to promote the comparison of observed alterations as well as to comprehend their mechanisms.
METHOD
The study was performed on 43 normal-hearing patients (16 females and 27 males) with partial epilepsy. Thirty-three healthy subjects (17 females and 16 males) were investigated in parallel as a control. The age of the female patients and controls (mean, 24.4 f 11.0 and 25.4 f 6.6 years, respectively; range, 14-44 and 17-38 years, respectively) and of the male patients and controls (mean, 25.5f9.7 and 25.0 f 9.9 years, respectively; range 14-43 and 14-41 years, respectively) did not differ significantly (Student's t-test). All but five patients suffered from secondary generalized seizures. Twelve cases each of simple and complex partial seizures were documented. Judging the anamneses and clinical manifestations of the illness, 22 patients were classified as having temporal and 21 as extratemporal epilepsy. From the latter subgroup, six were qualified as being of parietal-, three of occipital-, and 12 of frontal-lobe origin. Twenty-two patients were arbitrarily attributed to the 'rare' and 21 to the 'frequent' subgroups. In the 'rare' subgroup the rate of seizure was less than l/month and in the 'frequent' subgroup more than l/month. Computerized tomography, craniography, and ophthalmoscopy did not detect the focal brain lesion in any patient examined. The EEG abnormalities were found in 37 cases. In nine they were manifested by unilateral and in 28 by bilateral paroxysms (slow waves, spikes, and/or both). Eighteen patients were regarded as having newly diagnosed epilepsy. In 25 patients the duration of the illness exceeded 2 years. As with the newly diagnosed subjects, those with long-standing epilepsy had not been treated previously with any anticonvulsant because either the disease had appeared earlier as rare attacks and the patients had not asked for treatment until their state worsened, or the patients lived in remote mountain settlements where qualified medical service was not available.
The ABRs, MLRs, and SCPs were registered consecutively in the same experimental session. Acoustic stimulation and response averaging were carried out on a BASIS EP computer system. The ABRs and MLRs were evoked by clicks and the SCPs by I-kHz tone bursts. The intensity of the stimuli was held at 70 dB nHL (normal hearing level). The repetition rate of clicks was IO/second and of tone bursts l/2 seconds. In the recordings of the ABRs, MLRs, and SCPs the amplifier bandwidth was set at 53-1600, 16-1600, and 0.5-30 Hz, respectively. The bin width was 10, 100, and 500 ys, and the number of averagings 2000, 2000, and 100, respectively. In all recordings the active electrode was fixed on the vertex.
Two consecutive averages for the ABRs and one for the MLRs and SCPs were fulfilled with stimulation of each ear. The parameters calculated were peak latencies, interpeak intervals, and amplitudes of the main constituents of the ABR (waves I, III, V), of the MLR (deflections Na, P,, Nb) and of the SCP (deflections PI, NI , P2).
On examination, the ABR recordings in all 43 patients and both the ABR and SCP recordings in all 33 healthy individuals were considered valid. The MLR recordings in two and the SCP recordings in seven patients as well as the MLR recordings in four controls were distorted due to the artefacts, e.g. of myogenic and/or epileptiform EEG origin, and were discarded. Hence, the number of the estimated ABRs, MLRs, and SCPs amounted to 43 x 2 = 86, 41 x 2 = 82, and 36 x 2 = 72, respectively, in the patients, and to 33 x 2 = 66, 29 x 2 = 58, and 33 x 2 = 66, respectively, in the healthy controls. The mean parameter values of the corresponding waveforms in the patients and controls were compared using Student's two-tailed r-test. As expected16* I', all three measured responses displayed gender dependence. Both in the patients and in the healthy subjects, peak latencies were shorter while amplitudes were greater in females than in males. Some of the noted differences were proved to be statistically significant, while others were within trends. Therefore, data comparison in the patient and control groups was carried out separately for the female and male subgroups.
RESULTS
The differences between the epileptic patients and healthy individuals in the ABRs and MLRs were scanty and did not reach the criterion of significance with respect either to the temporal or the amplitude parameters (Tables 1 and 2 ; Figs 1 and 2). Nb peaklatency constituted the only exception. In the female patients it exceeded that in the female controls by 1.9 ms. Due to the Nb delay, P,-Nb and N,-Nb interpeak intervals also displayed prolongation in the female patients vs. female controls. With respect to the N,-Nb interpeak interval, the excess amounted to 1.8 ms and was significant. The differences between the patient and control male subgroups in the same MLR parameters were not significant. Moreover, the healthy individuals, but not the patients, showed longer Nb peak latency and Pa-Nb and N,-Nt, interpeak intervals. The contrast between the patients and controls seemed obvious with respect to the SCP parameters only (Table 3, Fig. 3) . Specifically, P2 peak latency was systematically delayed both in female and male patients, the mean difference being 10.3 ms. The peak latencies of two earlier SCP deflections, PI and NI, did not differ reliably, although a trend to longer N1 peak latency could be noted in the patients as compared with the controls.
All three SCP interpeak intervals were also longer in the patient than the control groups. In PI-N], Nt-P2, and PI -Pz interpeak intervals the differences composed on the mean 3.8,7.7, and 11.3 ms, respectively. They reached the level of significance with regard to the latter interval in both gender subgroups.
Even more systematic dissimilarities were seen in the SCP amplitudes. They were higher both in female and male patients than in the healthy subjects. The excesses in PlNl and NIP:! amplitudes fell within 3040% and were statistically significant in both subgroups and with regard to both measures.
When analysing individual cases, the SCP was considered abnormal if the values of at least one of its three parameters, proved to be altered in the entire patient group, i.e. P:! peak latency and Pt Nl and NlP2 amplitudes, exceeded the 99% upper limit of the norm. Using this criterion as a basis, the SCP 
t-test).
The rate of the SCP malformations also tended to depend on the duration of the pathology. Thus, the abnormality was concluded when judging 6 of 16 valid recordings performed in 18 patients with newly diagnosed epilepsy and 10 of 20 recordings in 25 patients with long-standing epilepsy. However, the divergence between the incidences, 37.5 and 50.0%, respectively, was nonsignificant (P > 0.2).
Neither was significant dependence found upon the rate of the seizures. The SCP parameters were found to be pathologically altered in 8 of 19 valid recordings performed in 22 patients with 'rare' seizures, i.e. in 42.1%, and in 8 of 17 recordings, performed in 21 patients with 'frequent' seizures, i.e. in 47.0% (P > 0.5). 
DISCUSSION
The present investigations did not reveal any significant ABR alterations in patients with partial epilepsy whereas in earlier repor@',* regular abnormalities were reported. In the former studies, however, the patients had been treated by anticonvulsants which could be the reason for the observed changes'4* 15.
Similarly to the ABR, no dramatic alterations of the MLR, if any, were found in the current research in the patient vs. control group. These data differ from those of the earlier report", where a shortening in the MLR peak latencies and an increase in the amplitudes had been described in epilepsy.
The only significant alteration of the MLR in our investigations was the lengthening of Nb peak latency in the female patient subgroup. Correspondingly, the N,-Ni, interpeak interval was also lengthened in female patients vs. female controls. These data probably confirm the earlier observation by Azumi ef al, demonstrating the alteration of this MLR constituent only in epilepsy. In that paper, however, the examined patients were treated with anticonvulsants to which this effect could also be attributed. Moreover, in our studies the differences between the epileptic and healthy males in the same MLR parameters were non-significant and possessed the opposite sign, whereas qualitatively they fell into the similar range. Based upon these rationales, Nt, peak-latency and N,-Nb interpeak-interval prolongation in female patients vs. female controls could be considered as pseudopositive result rather than a real result.
Most researchers nowadays believe that the main ABR complex is of a low brainstem origin'8* lg. However, opinions on the MLR mechanisms differ. Early research gave strong consideration to the cortical source for MLR2'. However, by 198g21 the involvement of the auditory cortex was considered valid in Pa et a/ and healthy controls (zero line) separately for females and males. The differences marked by the symbols are statistically significant, while the unmarked differences are not.
deflection only, N, deflection being proposed to be According to the present investigations, in parof mesencephalic or diencephalic origin. Arguments tial epilepsy only the SCP undergoes systematic alhave now been put forward proving the participaterations: P2 peak latency is prolonged and Pt Nt tion of subcortical structures in MLR generation and and N t P2 amplitudes are enlarged. With regard to the raising doubts of the contribution of the auditory coramplitudes these data fit those of Polujanova et al '*, tex22. It was also proposed22 that individual MLR although the opposite trend has been described by the components arise at different brain levels, starting latter authors in severe forms of epilepsy. Conversely, from the deepest ones. Matching this with the present in contrast with both results, the SCP reductions, but results, it can be suggested that the specific strucnot the enhancements, were found in epileptic patures of the auditory pathway from initial relays to tients by Femandez and Harmony13. Polujanova et the primary cortex do not play any essential role in a1t2, in turn, reported peak-latency shortening in pathe mechanisms of partial epilepsy.
tients with epilepsy, while in our studies under this pathology P2 peak latency was prolonged, N' peak latency demonstrated a similar trend, and P' peak latency remained stable. Non-systematic presentation of the material in the referred papers makes it difficult to find a convincing explanation for the noted discrepancies.
The current data match the results of investigations, in which the potentials of other sensory modalities had been evaluated's2. In those studies the peaklatency prolongation and amplitude enlargement of visual-and somatosensory-evoked potentials were traced in epileptic patients vs. healthy individuals. It is worth mentioning that, in the cited papers, the majority of investigated patients had been treated with AEDs. It cannot therefore be excluded that the changes were determined by anticonvulsants'4s I5 but not (or not only) by epilepsy.
The SCP parameters depend on the brain activation leve1'9s23. Therefore, the SCP alterations in epileptic patients could have been ascribed to the peculiarities of cortical activation. The SCP peak-latency prolongation, in particular, could have been explained by higher cortical synchronization, keeping in mind that the latency increase happens only under EEG synchronized states23. Two points argue this proposal. Firstly, individual SCP peak latencies are uniformly delayed under cortical synchronization, while in our investigations latency prolongation in epileptic patients has taken a selective feature. Secondly, under cortical synchronization the SCP amplitudes drop with latency shortening, whereas in epileptic patients the amplitudes increased.
Reciprocal dependence of the SCP peak latencies and amplitudes upon the cortical activation level means that the increased SCP amplitudes in patients cannot be explained by higher desynchronization: had this been the case, along with greater amplitudes they would also have possessed shorter latencies'9.23.
The SCP temporal and amplitude parameters usually display an inverse behaviour: peak latencies are shortened when amplitudes are increased and vice versa 19. Concordant alterations of SCP peak latencies and amplitudes seldom occur. These take place particularly under the variation of interstimulus intervals: when stimulus rate is reduced, SCP latencies are prolonged while amplitudes are increased; respectively, an increase in stimulus rate is followed by a reduction of both SCP peak latencies and amplitudes". In order to explain this behaviour, it was assumed that separate SCP deflections represent a mixture of several components, each corresponding to the discharge of a particular neural population. Based upon this theory, it was speculated that under rare stimulus rate an expansion of the share of later components takes place in individual SCP deflections, resulting in peak-latency prolongation and amplitude increase.
Conversely, under rapid rate the ratio of earlier components increases due to greater suppression or abolition of later components, this causing peak-latency shortening concurrent with amplitude reduction.
A multicomponent model of separate SCP deflections has been elaborated by other investigators as we1124. Matching the data of the present study with this model, it could be proposed that, in epileptic patients, owing to intrinsic pathological processes, the share of the later components grows selectively in particular SCP deflections, which yields both peaklatency prolongation and amplitude increase. Correspondingly, it seems reasonable to speculate that in healthy vs. epileptic subjects certain SCP deflections are poorly contributed by the later components, which results in shorter peak latencies and smaller amplitudes.
Peak-latency prolongation and amplitude increase of individual SCP deflections in epilepsy may also be caused by the occurrence of principally new later components. Such a possibility is not excluded under physiological conditions either19.
P2 peak latency was proved to be much more sensitive to stimulus rate than N' peak latency, while P' peak latency was found invariable within a wide range of interstimulus intervals19. Similar component selectivity was documented in epileptic patients as well. Therefore, it seems logical to suggest that more components are contributed to Pz that to N' and, especially, to P' deflections. The more complex structure of Pa deflection is confirmed by its greater wavelength.
The principal source of the SCP is considered to be the broad cortical association areas, while the contribution from the primary auditory cortex in the temporal lobe is not ruled out either19. The obvious trend to the more frequent occurrence of the SCP alterations in extratemporal vs. temporal epilepsy predominantly favours the non-specific (extralemniscal, overtemporal) origin of the SCP. The same trend substantiates the idea that the changes shown exhibit those epilepsy-related widespread cortical processes not specifically involving the auditory system rather than reflect the local temporal lesion and could therefore have no immediate link with epilepsy. It should be remembered in this connection that the majority of our patients had secondary generalized seizures and thus possessed diffuse, but not restricted, cerebral events. Further to this, the qualitative as well as quantitative indices of the SCP malformations were quite similar in epilepsies of various primary geneses, further advocating the common rather than the focal cause of the findings.
The rate of the SCP alterations in patients with long-standing epilepsy and with 'frequent' seizures did not reliably exceed that in patients with newly diagnosed epilepsy and with 'rare' seizures, respectively. The former subgroups are expected to possess more obvious secondary changes of the cerebral tissue than the latter ones. The likeness brings to mind that the SCP malformations exhibited the epilepsylinked cortical dysfunction rather than the structural transformations, resulting from epilepsy.
Significant alterations of the SCP in epilepsy favours its diagnostic benefit. On the other hand, utilization of the ABR and MLR registration methods in epileptic patients seem to possess limited prospects.
